Numerical simulation of threedimensional groundwater flow near lakes shows that the continuity of the boundary encompassing the local groundwater flow system associated with a lake is the key to understanding the interaction of a lake with the groundwater system. The continuity of the boundary can be determined by the presence of a stagnation zone coinciding with the side of the lake nearest the downgradient side of the groundwater system. For most settings modeled in this study the stagnation zone underlies the lakeshore, and it generally follows its curvature. The length of the stagnation zone is controlled by the geometry of the lake's drainage basin divide on the side of the lake nearest the downgradient side of the groundwater system. In the case of lakes that lose water to the groundwater system, three-dimensional modeling also allows for estimating the area of lake bed through which outseepage takes place. Analysis of the effects of size and lateral and vertical distribution of aquifers within the groundwater system on the outseepage from lakes shows that the position of the center point of the aquifer relative to the littoral zone on the side of the lake nearest the downgradient side of the groundwater system is a critical factor. If the center point is downslope from this part of the littoral zone, the local flow system boundary tends to be weak or outseepage occurs. If the center point is upslope from this littoral zone, the stagnation zone tends to be stronger (to have a higher head in relation to lake level), and outseepage is unlikely to occur.
INTRODUCTION
flow systems begin at the water table mounds on each side of Background of Study the lake, and each one terminates at different points on the lake bottom. The part of the lake bed between these two
The interaction of lakes and groundwater has received little termination points is the area of outseepage, and this water attention in studies of lake hydrology. In most studies it is then becomes part of a higher-magnitude (intermediate or usually calculated as the residual of the water balance equa-regional [~~~h , 19631) flow system. tion, or it is considered unimportant and therefore ignored.
F,, the boundary conditions imposed on the system stud~v e n if groundwater is considered, the placement and con-ied, Winter [I9761 showed that the factors strongly influencing struction of wells to determine potentiometric heads within the the continuity of the local flow system boundary are (1) height groundwater system relative to lake level can lead to misinter-of adjacent water table mounds relative to lake level, (2) pretation of the interrelationship of lakes and groundwater position and hydraulic conductivity of aquifers the [Winter, 19781. groundwater system, (3) ratio of horizontal to vertical hydrauheo ore tical studies have long been needed to gain an ~~n d e r -lic conductivity of the system, (4) regional slope of the water standing of groundwater flow patterns near lakes. Such studies table, and (5) lake depth. Subsequent study by the author of are needed to guide the la cement of observation wells and to vario,s geometric configurations of the groundwater system provide the basis for calculating realistic quantities of water supports these general conc~usions~ moving to and from lakes through lake beds.
A problem with two-dimensional vertical section models for 1n a recent study, Winter 119761 used a digital model to studying lakes is that the dimension perpendicular to the secs~rnulate two-dimensional groundwater flow in vertical section tion is large. ~h~ models are really more applicable t~ streamfor a wide variety of hypothetical lake-groundwater settings. groundwater interaction, and they can probably be realistiThat study showed that the continuity of the local flow system cally used only for long, linear lakes that are alined perboundary beneath a lake is the factor that controls the inter-pendicular t~ the principal groundwater flow paths. B~~~~~~ action of lakes and groundwater. Further, the point of mini-many natural lakes tend to be more round than linear or are mum hydraulic potential along that divide, the stagnation not alined as is described above, one must turn to models that point, is the key to determining the continuity of the boundthree-dimensional flow. ary. In two-dimensional vertical sections the boundary itself Purpose and Scope consists of two lines parallel to streamlines that begin at the water table mounds on each side of the lake and terminate at
The Purpose of this Paper is to simulate steady state threethe stagnation point. Therefore if a stagnation point exists, the dimensional groundwater flow near lakes for hypothetical boundary is continuous and the lake cannot lose water problems that address the following questions.
(1) What is the through its bed because the head at the stagnation point is three-dimensional form of the flow field stagnation point assoalways greater than the head represented by lake level. Thus ciated with a lake and the boundary surface separating local the local flow system associated with the lake is essentially from larger-magnitude flow systems? (2) How well can areas of isolated from the rest of thegroundwater system. If the stagna-inflow and outflow through the lake bed be delineated? (3) tion point does not exist, the boundary is not continuous and HOW must the conclusions reached by two-dimensional vertithe lake can lose water through all or part of its bed. In these cal section modeling be n~d i f i e d by thrcx-dimensional modcases the two lines separating local from higher-magnitude eling?
Because interest is primarily in properties of the stagnation Th~s paper is not subject to U.S. copyright. Published in 1978 by point for lakes that do not have outseepage and in the delineathe American Geophysical Union.
tion of areas of outseepage for lakes that lose water through Paper number 7W 1072. 245 vertical boundaries around the problem area and n o vertical flow across the base of the system. The pressure along the water table is atmospheric, and the head there is a function of x and y only. Different hydraulic c0nductivity.K values are assigned to various geologic units.(general geologic matrix, lake sediments, aquifers, confining beds), and the entire system is anisotropic. Equation (1) is solved numerically, by standard finite difference methods, and the resulting set of simultaneous equations is solved by the strongly implicit procedure (SIP). SIP is an iterative solution technique used by the U.S. Geological Sur: vey to solve' three-dimensional groundwater flow problems [Trescott, 19751 and follows the procedure given by Weinstein et al. [1969] .
The overall configuration of the problems considered in this report is shown in Figure 1 . It consists of a circular lake within a circular groundwater drainage basin. At the lake surface the thickness of the lake-groundwater system simulated is T, and the lake itself is 0.18T deep. The highest point on the groundwater drainage divide is on the right side of the basin and is 0.27T higher than lake level. The altitude of the divide gradually decreases toward the left to a point about 0.09T higher than lake level on the downslope side of the lake. Continuing to the left, the water table altitude decreases from the mound on the downslope side of the lake to the regional low (0.73T), on the left side of the basin.
The general problem was designed so that it would be somewhat similar to the settings discussed by Winter [1976] , although an attempt was made to scale down the dimensions of their beds, all the hydrogeologic factors that were varied in the two-dimensional study of Winter [I9761 are not examined here. If a few comparisons of three-dimensional and twodimensional analyses show consistent modifications, one can qualitatively modify two-dimensional results. Therefore the water table configuration, lake depth, ratio of horizontal to vertical hydraulic conductivity, and ratio of the hydraulic conductivity of aquifers to the surrounding geologic materials are not varied in this study. After a detailed analysis of a homogeneous anisotropic groundwater system the only hydrogeologic factor varied within the groundwater system in this study is the position and size of zones of high hydraulic conductivity (herein referred to as aquifers).
MODEL, SOLUTION TECHNIQUE, AND DESIGN
OF GENERAL PROBLEM The model used in this study for describing steady state groundwater flow in saturated porous media is derived by coupling Darcy's equation with the equation of continuity [Trescott, 19751: where K,,, Kyy, and K,, are the principal components of the hydraulic conductivity tensor and a h / a x , ah/ay, and a h / & are the gradients of head in the three coordinate directions. The assumptions made in using this model are that ( I ) flow of water is laminar, (2) the fluid is incompressible and of constant density, (3) the porous medium is rigid, (4) the coordinate axes x , y, and z are alined with the principal directions of the hydraulic conductivity tensor, and (5) the problem to minimize the number of finite difference cells needed in the simulation. The system was also made symmetrical so that only one half would have to be modeled.
The finite difference grid used consists of 11 rows, 27 columns, and 14 layers, including the zero rows and columns around the area needed to define the no-flow boundaries. The total number of nodes in this three-dimensional space is slightly more than 4000, not all active because some are above the water table surface. The grid spacing of the problem in the x, y, and z directions is 80: 80: 1, respectively.
The hydraulic conductivity ratios between the various units in all the settings are as follows. Ratio of horizontal to vertical hydraulic k , / k , = lo3 conductivity 1 he head values assigned to the constant head nodes along the water table and those calculated within the groundwater system are relative to a datum of 130 at the base of the system. Although the system modeled is dimensionless, it could apply to a realistic system that would be about 14 mi (2.4 km) long from one edge of the basin to the other and about 110 ft (33 m) thick at the lake. For convenience, heads in the stagnation zone are given in feet (shown in parentheses) in addition to dimensionless terms.
General geologic matrix

Homogeneous Groundwater System
The two-dimensional setting from which the three-dimensional problem was designed is shown in Figure 2 . The threedimensional equivalent of the setting shown in Figure 2 is section A-A' in Figure 3b . The head at the stagnation point in Figure 3b is 0.023T (2.5 ft) greater than the head represented by lake level. This is O.OlOT(1.1 ft) greater than the head at the stagnation point (0.013T, 1.4 ft) calculated in the two-dimensional analysis (Figure 2 ). Thus this comparison indicates that the head at the stagnation point in a three-dimensional analysis is considerably greater than that in an equivalent twodimensional 'analysis of the same problem.
T o determine the properties of the stagnation point in the third dimension, a number of cross sections were constructed through setting 1. (See Figure 3a for traces of the sections.) Along section B-B' (Figure 3c ) a stagnation point exists that has a head 0.037T (4.1 ft) greater than the lake. Observe that in addition to having a head greater than that along A-A' the position of the stagnation point is lower in the section (about 0.32T in B-B' compared to 0.55T in A-A') and is shifted slightly to the right in B-B' (0.49L) relative to its lateral position in A-A' (0.42L). Length L is measured from the left edge of the basin and is the length of the basin along section A-A'.
Along section C-C' of setting 1 (Figure 3d ) the stagnation point has an even greater head (0.042T, 4.6 ft) than along A-A' and B-B'. Similarly, its position relative to its position in those two sections is lower (0.27T) and further to the right (0.53L).
The flow pattern along section D-D' (Figure 3e) shows no stagnation point, and along a line of section perpendicular to A-A' (not shown) the pattern is similar to that along section D-D', but the flow pattern is symmetrical in this latter section.
Therefore for setting 1 a 'stagnation zone' areally follows the curvature of the lakeshore and vertically dips downward, both ends terminating at the base of the flow system. The where it would meet imaginary lines connecting the center of the lake with the areal constricture (near the letter D of section D-D' in Figure 3a ) of the drainage basin boundary downsloye from the lake.
Another characteristic of the stagnation zone is a head gradient within it that decreases from the two ends toward the point along section A-A'. Thus in three dimensions the stagna. tion point is truly a point and is associated with the lowest part of the water table mound on the downgradient side of a lake. but the stagnation zone is not truly stagnant because thereisa head gradient within it toward the stagnation point. Therefore for the lines of section B-B', C-C' other than the principal line of section A-A' the stagnation point will herein be referred to as a pseudostagnation point. Pseudostagnation points are im.
portant features of groundwater flow patterns near lakes be. cause they serve the same function in understanding Rou systems as the stagnation point itself. That is, they form aline of minimum head (stagnatiol zone) along the three-dimen. sional surface enclosing the local groundwater flow systeni associated with the lake. And as is the case in the two-dimen. sional simulations, if a pseudostagnation point is detected for any given section, there is no outseepage from the lake alone that line of section. Further, if the stagnation point is detected along the principal line of section A-A', there can be no outseepage from the lake at all because the stagnation point at this location is the point of minimum head for the entire local flow boundary surface, including the stagnation zone.
The form and head characteristics of the stagnation zone apparently are directly related to the form and head of tho water table mound on the downslope side of the lake. As i c shown in Figure 3 , as the height of the water table on the downslope side increases relative to lake level, the pseudo. stagnation points descend deeper into the groundwater system, and the head increases correspondingly.
Maps of potentiometric head distribution of selected pl ane5 of three-dimensional models are useful in understandin! groundwater inflow t o lakes. The map of the plane 0.737 above the base of the system (Figure 3f , setting 1) showsthc form of the potentiometric distribution just beneath the latt sediments. In this region the decrease-in potentiometric head shown by the sag in the 235 contour on the upslope side ofthe lake (Figures 36-3e ) and the decrease in potentiometric head overlying the stagnation point on the downslope side arere. lated to the concentration of groundwater flow into the littorel zone of the lake (Figure 3g ).
Heterogeneous Groundwater Sysrem
Simulation of a three-dimensional homogeneous groundwa, ter setting provided some information on the three-dimen. sional configurations of groundwater flow interacting with 2 lake that has no outseepage. It is also important to under stand the three-dimensional distribution of head in a setting in which the lake has outseepage through part of its bed. A t wo dimensional analysis of a setting in which the lake has out. seepage through about half its bed is shown in setting 2 (Fip ure 4). In order to simulate outseepage from the lake an aquife of limited lateral extent (0.40L long X 0.43L wide, center poi~t at 0.36L) was placed at the base of the system, downslopefror the lake. The three-dimensional analysis of this setting ( Figure  5 ) shows no outseepage from the lakei as is evidenced by rbc presence of a stagnation point that has a head 0.005T (0.6 111 greater than the lake (Figure 5b) . As was the case in setting I. the head in the stagnation zone increases away from section A. A' (section B-B', Figure 5c ). points of termination of the stagnation zone are near a point To examine groundwater flow patterns near a lake that has outseepage, the aquifer was moved up from the base of the groundwater system to a midposition of 0.45T (setting 3, Figure 6) . This was done because as an aquifer downslope from a lake is moved upward, closer to a lake bed, the head at the stagnation point tends to decrease and (or) outseepage tends to increase. This change results in outseepage through about one fourth of the lake bed along section A-A' (Figure 66 ) and through a very small area of the lake bed along section B-B' (Figure 6c ). The area of lake bed through which outseepage takes place is shown in Figure 6a . Thus it appears that threedimensional modeling of groundwater flow near lakes is useful inestimating the areal extent of outseepage through lake beds.
The effect of aquifer size and position on the interaction of lakes and groundwater was discussed by Winter [1976] . But t he sensitivity of seepage to this factor can be more fully realized by analyzing three-dimensional effects. When the aquifer is in a critical position as will be discussed below, small changes in aquifer size and (or) position can have significant effects on seepage to and from lakes.
To examine the effect of changing the width of an aquifer, setting 4 (Figure 7 ) was analyzed. In this setting the position of t he center point and the length of the aquifer were left as they were in setting 3, but the width was reduced to 0.20L. This change has very little effect on the area of outseepage through the lake bed along section A-A', but it reduces the outseepage along section B-B'. The area of lake bed through which outseepage occurs for setting 4 is shoiPn in Figure 7 . By comparing Figures 6 and 7 it is seen that reducing the width of the aquifer by about half reduces the area of outseepage. But as will be seen in the following discussion, changing other dimensions and positions of the aquifer results in far greater impact on seepage.
The effect on seepage of changing the length of the aquifer from 0.40L (settings 2, 3, and 4) to 0.32L is illustrated by setting 5 (Figure 8) . The center point, as in previous settings, was left at 0.36L. By comparing Figures 6 and 8 it is seen that reducing the length of the aquifer by only 0.08L results in the presence of a stagnation point; therefore a continuous local Aow system divide is established, and the lake no longer loses water through its bed. Thus the critical aquifer length, at the tiven vertical position (0.45T) and lateral position (center point at 0.36L), is somewhere between 0.32L and 0.40L. If an zquifer at this position is longer than this critical dimension, more outseepage would take place than is shown in Figure 6 . Conversely, if it is smaller than the critical dimension, a stagnation point that has a head even greater than that shown in Figure 8 would be present.
In the next setting examined, the lateral position of the 1 aquifer is changed. The aquifer size and vertical position are the same as those in setting 3 (0.40L long X 0.43L wide), but the lateral position is shifted slightly to the right; the center point moved from 0.36L in setting 3 to 0.40L in setting 6 (Figure 9 ). This small change in aquifer position results in a significant change in the interaction between the lake and groundwater. The outseepage shown in setting 3 ( Figure 6 ) no longer exists because of the changed condition, as is evidenced by the stagnation point in setting 6 (Figure 9 ). Because of the foregoing results the effect on seepage of the lake position relative to the lateral position of the center point of large aquifers was then examined. It was seen in the report of two-dimensional vertical section analyses by Winter [I9761 and in this report that groundwater flow is concentrated into aquifers in their upgradient half and is dispersed from the aquifers in their downgradient half. This phenomenon suggests that if a lake overlies the upgradient half of an aquifer, it center point of the aquifer was shifted past a critical part of the lake bed. This critical part appears to be the littoral zone on the downslope side of the lake, the area of the lake bed through which outseepage most commonly takes place.
Because of the importance of lateral position of an aquifer relative to a lake as suggested by the\previous discussion it was decided to examine settings that have aquifers underlying the entire lake-groundwater system where one cannot really think of the aquifer as having a center point. A two-dimensional analysis (Figure 12) shows that the presence of an aquifer underlying the entire groundwater basin results in massive outseepage from the lake. The three-dimensional analysis of this setting, however, shows the presence of a stagnation point might be affected by the 'drawdown' caused by the aquifer. Conversely, if it overlies the lower half of the aquifer, the upward flow caused by the upward gradient above the lower half of the aquifer would be more likely to cause conditions for formation of a stagnation zone.
To test this concept, two settings were designed that have a large aquifer at the base of the groundwater system. In setting 7 ( Figure 10 ) the lake overlies the upgradient half of the aquifer (the center point is at 0.38L), and in setting 8 ( Figure  11 ) the center point of the aquifer is at 0.49L. The results of these two analyses demonstrate the importance for seepage of the position of the lake relative to the center point of the aquifer. The relatively large area of outseepage in setting 7 is completely closed off by shifting the center point of the aquifer a suficient distance to the right, as is done in setting 8. Although most of the lake overlies the upslope half of the aquifer in setting 8 and one would expect outseepage, apparently the beneath the lake (setting 9, Figure 136) ; therefore there can be no outseepage.
Because of the fact that the closer an extensive aquifer is to a lake bed the more likely it is to have outseepage it was decided to test the sensitivity of seepage from a lake to the vertical position of an extensive aquifer.
In setting 10a ( Figure 146 ) the aquifer was placed 0.45T above the base of the groundwater system (0.45T below the lake bed), causing outseepage through nearly all of the lake bed. Moving the aquifer downward to a position 0.27T above the base of the'groundwater system (0.64T below the lake bed) reduces the amount of outseepage through the lake bed to the extent shown along section A-A' (setting 106, Figure 14c) . Again moving the aquifer downwardto a position O.18T above the base of the groundwater system (0.73T below the lake bed) results in no outseepage, but it is very close to the point between outseepage and no outseepage, as is shown by the stagnation point of 0.0002T(0.02 ft) (setting 10c, Figure 14d ).
Thus for the dimensions of the lake-groundwater settings analyzed in this paper the sensitivity of seepage to the vertical position of extensive aquifers is shown by comparing the settings in Figure 14 . For this example the critical level of the vertical position of the extensive aquifer is at about 0.18T (0.73T below the lake bed). If the aquifer is closer to the lake bed than 0.73T, it will cause outseepage, and if the aquifer is greater than 0.73T below the lake bed, there will be no outseepage.
Several considerations need to be brought out a t this point if the information presented in this report is to be of general use. It must be realized, for example, that an infinite number of lake-groundwater settings would have to be analyzed to cover all possible field situations. For this reason the settings in this report are discussed in dimensionless terms. If a field site met all the assumptions stated for the settings discussed herein, including relative dimensions, relative hydraulic conductivities, and the given degree of anisotropy, the results of this study would be applicable. Even though the dimensions of the settings designed for this study were patterned after lakegroundwater systems that could be found in glacial terrane, it is unlikely that the results reported herein would be of direct use. By using the results of this study, however, in conjunction with the many settings presented by Winter [I9761 it is possible to cover an increased number of possible field situations. With the insight gained through three-dimensional analysis, one can qualitatively reinterpret two-dimensional sections. For example, if a two-dimensional analysis shows a stagnation point, three-dimensional analysis of the same setting very likely would show a greater head at the stagnation point. In the case of lakes that show outseepage in two-dimensional analysis a three-dimensional equivalent of such settings would Fig. 12 . Distribution of hydraulic head and groundwater flow directions determined uy two-dimensional vertical section analysis of setting 9.
show reduced outseepage or in some cases would show a stagnation point and thus no outseepage. Although the overall dimensions of the settings modeled by Winter [1976] are different from those presented here, the dimensions of the settings in this study can be used to give some idea of the magnitude such reinterpretations can have. For example, if more than half the lake bed shows outseepage in a two-dimensional analysis in this report, for most settings a three-dimensional equivalent will still show outseepage but the area of outseepage will be greatly reduced. If the lake, in a two-dimensional analysis ofa setting in this report, shows outseepage through less than half the lake bed, analysis of a three-dimensional equivalent very likely will show a stagnation point and therefore no outseepage.
Another constraint in using the method discussed in this report and that of Winter [I9761 for actual field situations is the nature of steady state analysis [Freeze, 19691. In steady state models the water table is fixed such that the flux across the water table boundary is part of the solution. It is possible in real field situations, where the water table is a transient phenomenon, that it would not take a form as specified with the given geologic (including aquifer) configurations and hy draulic conductivities.
Although analysis of transient groundwater flow patterns near lakes is currently under way, steady state analyses are useful in gaining insight into the principles of the interaction of lakes and groundwater, and they can be used with caution for field situations [Winfer, 1976; Freeze, 19691 . Further, the dimensions of the problems discussed in this report and in the work of Winter [I9761 are believed to be realistic, on the basis of field evidence, for lakes in glacial terrane. A variable, whose Given the above considerations and the assumptions listed earlier in the report, it is appropriate to examine the practical implications of this report to field studies of lakes. It was stated previously that the need for study of the interaction of lakes and groundwater stems from the fact that groundwater is commonly ignored or is the residual term in lake water and nutrient budgets. Because all variables in a lake water budget are rarely measured, it is impossible to evaluate adeq-uately the errors or the residual.
Even if groundwater is included as part of a lake water balance study, improper placement of wells can lead to misunderstanding of the interaction of lakes and groundwater. This is illustrated by Figures 6, 7 , and 10, which show that no matter how many wells are used to define the water table in these settings, the maps show gradients toward the lake, and there would be no way to detect the outseepage that occurs. If only one or a few wells are placed near a lake, the groundwater flow system would not be adequately defined and would be subject to misinterpretation. In two-dimensional analyses it is important to define the minimum altitude of the water table mound on the side of the lake toward the downgradient part of the groundwater system, as it is one of the most important controls on the presence or absence of the stagnation point. This is corroborated in the-three-dimensional analyses of this report.
It is particularly significant to field studies of settings that have more complex water table geometries, however, that pseudostagnation points can be "detected along lines of section other than the one through the minimum water table mound (section A-A' of this report). In such settings there may not be a stagnation point associated with the lowest part of the water table mound, but there could be stagnation zones (made up of a line of pseudostagnation points) associated with the higher areas of the water table mound on the downgradient side of a lake. This is particularly relevant to lakes that have surface water outlets.
The recommendations of Winter [I9761 for optimum placement of wells can be reiterated here.
1. It is important to define the groundwater watershed associated with a lake and to place water table wells along it at selected points, the most significant being the minimum altitude on the water table mound on the side of the lake toward the downgradient part of the groundwater system. effects on flow fields are great but for which specific values are relatively unknown for most geologic units, is the ratio of horizontal to vertical hydraulic conductivity. Discussion of the importance of this ratio is given by Winter [1976] .
2. Because the stagnation point, if it exists, is nearly always at depth beneath the shoreline on the same side of the lake as the minimum altitude on the water table mound, it is necessary to place a nest of wells, each completed at a different depth, in this vicinity.
It is also important to know, for calculation of seepage, that groundwater inflow takes place largely in the littoral zone of the lake whether or not lake sediments are present in the deeper part of the lake [McBride and Pfannkuch, 1975; Winter, 1976; Lee, 19761. In the case of lakes that have outseepage, provided that there is a water table mound on the side of the lake toward the downgradient part of the groundwater system, most of the area of outseepage is not in the littoral zone; therefore the lake water must move downward through the sediments (Figures 6 and 10) . Thus quantitatively much more water will enter the lake in the littoral zone where there are no sediments than will leave it in the profundal zone because of the low hydraulic conductivity of most lake sediments even if the area of outseepage is large (Figure 10 ). If there is no water table mound on the downgradient side of the lake, that is, if the water table decreases in altitude away from the shoreline, there will of course be as much potential for outseepage as for inseepage because the lake sediments will not be a controlling factor in such settings.
Numerical simulation of three-dimensional steady state groundwater flow near lakes, for selected hypothetical settings, shows the following relationships.
1. The stagnation point identified by Winter [1976] in a study of two-dimensional vertical section problems is shown in three-dimensions to be associated with a stagnation zone, which is a line defined by a series of pseudostagnation points. The stagnation zone generally follows the curvature of the lakeshore and descends vertically to terminate at the base of the groundwater system. Within the stagnation zone there is a head gradient that decreases from the ends of the stagnation zone toward the stagnation point, which lies along the principal line of section-the section drawn through the point of minimum head along the water table divide on the side of the lake nearest the downgradient part of the groundwater system (sections A-A' in this study).
2. Studies of three-dimensional groundwater flow near lakes show that lakes have less tendency toward outseepage compared with results of studies of equivalent settings using two-dimensional vertical sections. If a two-dimensional groundwater simulation of a lake-groundwater setting shows the presence of a stagnation point, a three-dimensional simulation of that setting will show an even higher head at the stagnation point in relation to the lake. Similarly, if a twodimensional analysis shows outseepage through the lake bed, a three-dimensional simulation of the equivalent setting will show less area of outseepage through the lake bed, or it might even show a stagnation point, in which case there is no outseepage at all.
3. The size and lateral position, relative to the lake, of aquifers within the groundwater system can have a significant impact on the interrelationship of lakes and groundwater. If a lake overlies the upgradient half of an aquifer, it will have more of a tendency toward outseepage than if it overlies the lower half. In the latter case the upward gradient caused by discharge of water from the aquifer tends to cause the forma. tion of a stagnation point. The critical position seems to be controlled by the lateral position of the center point of the aquifer relative to the littoral zone on the side of the lake nearest the downgradient part of the groundwater system. If the center point of the aquifer is downslope from this littoral zone, there is a tendency for the lake to lose water. If, on the other hand, the center point of the aquifer lies on the upslope side of this littoral zone, there is a tendency for a stagnation point to form. As was stated before, the presence of a stagnation point indicates that the local flow system boundary is continuous; therefore all head gradients within this local flou system are toward the lake, and the lake cannot lose water through its bed. In addition, the vertical position of aquifers has a significant impact on seepage to and from lakes, as is shown by settings 9 and 10 (Figures 13 and 14) .
